
SUNDERLAND HARBOUR AND THE RIVER WEAR. 283 

upon, as a fair  criterion  of  the  amount  of  deposit  in  the  stream. 
The  boxes should  have  been raised after  each  tide,  their  contents 
measured  and analyzed, and,  if a proper  deduction  had been made 
for  the  arresting effect of  the  down-stream  side  of  the  box,  more 
correct  results would have been arrived at. The  difference  of the 
sandy deposit in  the flow, and  the  alluvial deposit in  the  ebb, would 
then have  been  shown, to a certain  extent,  although  there  could  be 
no doubt  that, in some spots, the  same  matter was constantly tra- 
velling  backwards  and  forwards  under  the influence of  the tide. 

Mr. G. EDWARDS thought,  that if they  were  judiciously placed, 
the boxes  would  afford correct  indications of the deposit, but  they 
should  be  laid  down  in positions out of the  run of the  tide,  or  the 
stream ; for,  as  in a steam-boiler,  wherein  the  deposit  always took 
place,  away  from  the  spot  of most violent  ebullition, so the  amount 
of deposit  could  only  be  ascertained,  where  the  water  became some- 
what  tranquil. 

Sir  JOHN RENNIE, President,  said,  he had once  tried a somewhat 
similar  plan  in  the  river Ouse, but  the  results  were  not satisfactory ; 
and  he  doubted  whether,  with  the  greatest  precaution,  an  accurate 
estimate of the  amount of deposit could be  arrived  at, by such 
means;  still  the  plan was very  ingenious  and  interesting,  and 
Institution was indebted to  Mr. Murray  for  this  addition  to 
valuable  Paper. 

the 
h is 

May 18,  1847. 

SIR JOHN RENNIE, President, in the  Chair. 

KO. 761. " Description  of  the ' Sarah  Sands ' and  other  Steam 
Vessels,  fitted with  Direct  Acting  Engines  and  Screw  Propellers, 
without  intermediate  gearing.  By  John  Grantham,  Assoc.  Inst. 
C. E. 
I n  the session of 1844, a paper was submitted  to  the  Institution,* 

giving  the  results of some  observations  connected  with  the  then  novel 
mode  of  propelling ships, by means of revolving  screw  propellers. 
Those  observations  were  made  during a series  of  experiments  on a 
small vessel named the '' Liverpool  Screw," fitted with  peculiar 
engines  and  machinery. In   the  same  communication,  the  principle 
exhibited  in  that vessel, was proposed to  be  extended  and  adapted  to 
vessels of all classes. 

'c Vfde Minutes of Proceedings, Inst. C. E., 1844, vol. iii. p. f l .  
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dttention was particularly  directed to two plans,  one  of which 
was  considered  well  adapted  to  ordinary steam-vessels, and  the  other 
to  vessels of war. The  data  derived  from  the  experiments i n  the 
‘‘ Liverpool  Screw ” showed what  might  be  expected  to  result  from 
such vessels a3 were then  described ; and  the  principal  points  that 
were  attempted  to  be  proved,  were,  that a propeller  might  be  con- 
structed of such dimensions, that  the  number of revolutions  it  would 
require  to  make,  for  obtaining a high  velocity, need not much  exceed 
that of the  ordinary  paddle-wheel ; whence  it was argued,  that  the 
ordinary  marine  condensing  engine  might  be  applied  with  direct 
action to the  propeller  shaft,  without  the  intervention  of a secondary 
motion.* That  communication  gave  rise  to  an  interesting discus- 
sion,  in  which all the  speakers  agreed as to  the  importance of the 
results, whilst at   the same  time  doubts were  expressed, as to  the 
correctness of the  reasoning. 

Since  that  period,  several  opportunities  have offered of carrying 
those views into  practice,  and  the promise then  made  to  the  Institu- 
tion,  of  pursuing  the  subject  at a future  time,  and  hying  the  results 
before  the  meeting,  is  enabled  to  be fulfilled. 

I t  may  be  interesting  to  state,  that  the  little vessel (the ‘‘ Liver- 
pool Screw,”  now  called  the “ Clam,”) which gave  rise  to  the first 
paper, has since  been  lengthened,  and is now  running  very success- 
fully  between  Gloucester  and  some of the  ports  in  the  Bristol 
Channel. 

T h e  vessels next  constructed,  were  two  three-masted  schooners, of 
300 tons  measurement, named the “ Emerald ” and  the “ Diamond,” 
Plate 33, built of iron,  by Mr. Cato of Liverpool, for the  City o f  
Dublin  Stcaln  Packet  Company ; their  length was 130 feet, bean1 
23 feet,  and  depth of hold 11 feet.  They  were  propelled  by a pair 
of 30 H.P. oscillating  engines, or 60 H.P. for  each vessel. T h e  
steam  cylinders  were 30 inches  diameter,  with 2 feet  length  ofstroke. 
The  piston  rods  operated  in  contrary  diagonal positions  upon one 
crank,  situated between and  above  the  two  cylinders,  and  there was 
one  double-acting  air-pump  for  both  engines,  working  from a short 
crank on the  end  of  the  crank  piu.  The  arrangenlent was firm and 
compact,  and  the  performance  very good. 

The  rate of working  varied  from 42 to 60 strokes  per  minute, or 

* Subsequent  experience  has  shown  that  the  results  then  predicted  have  been 
more  than  realized,  and  that ‘ Woodcroft’s’  screw,  mith  expanding  pitch,  which 
was then  advocated, is the best form of propeller. A greater  area of the  pro- 
peller was, however,  then  considered  essential,  than  has  since proved to be 
necessary. 
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an average  of 46 strokes. The  motion  of  the piston being  from 168 
feet  to 200 feet  per  minute, was considerably below the usual standard. 
The  crank  shaft of the two engines  being  connected  directly to the 
propeller  shaft, caused it  to  make  the  sane  number  of  revolutions 
as  the  cranks. 

T h e  engine  compartment occupied  a length  of  about 22 feet  in 
the  centre of the vessel, and  it  contained, in addition  to  the  engines 
and  boiler,  which  latter was very  large,  about 45 tons  of  coals  and 
the  berths  for  the  engineers  and firemen. The screw propeller 
had  three  arms,  and was 10 feet  diameter.  The  space  for  the  cargo 
was equal  to  about 300 tons of weight  and  measurement. 

As it is not  now  intended  to  describe  these vessels minutely,  it  is 
only necessary to  add,  that  they  have been for some  months a t  
work, and  their  performance  fully  equals, if it  does  not  exceed, 
what was anticipated,  as  they  encounter  the  worst  weather  without 
difficulty, and  make  their passages with  great  regularity. 

Another  similar vessel, called  the “ Nautilus, ’’ also built of iron, 
by Messrs. Ditchburne and Mare, of London,  with a pair of 
engines of ’the same  kind,  but  with  the  cylinders 33 inches  diameter, 
has also been started,  and  performs  very  satisfactorily.  She is now 
running between Liverpool  and  Lisbon, a distance of 950 nautical 
miles, and  the  average  duration of each passage has been about five 
days  and a half. 

The  next vessel was the ‘‘ Antelope,”  of 600 tons  burthen,  built 
of  iron, by Messrs. Hodgson  and Co. of Liverpool ; her  proportions 
are  ncarly  the  same as those of  the schooners, but  she is ship- 
rigged,  an  arrangement  which does not, in  general,  appear  to be 
so favourable  for a vessel using  auxiliary steam-power. The form 
of  the  engines,  which  were 50 H.P., is shown  in  Ylate 34 ; the 
cylinders  are  oscillating,  and  are  placed  in  the  line  of  the  keel, 
beneath  the  main  shaft  of  the  engines  and  the  propeller. 

The  “ Antelope”  has  made  one  voyage to and  from  the  Brazils, 
and  fdly realized the  great  advantages  to  be  derived  from  this 
description of vessel;  but  the  frame  of  the  engines  having  nu- 
fortunately  been  broken,  the  machinery was much  crippled,  and 
her  voyage was therefore,  on  the whole,  less  successful than  it would 
otherwise  have been. These defects have however  been remedied, 
and  she  is now on  her second  voyage. 

The  engines for these  latter vessels were  made  by Messrs. 
Fawcett,  Preston,  and Co. of Liverpool. 

The  last  and  largest vessel that has been completed, on this  prin- 
ciple, is called  the ‘‘ Sarah  Sands ;” she was built  of  iron  by 
Messrs. Hodgson  and Co., and  the engines, a pair  of 75 H.P. oscil- 
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lating  cylinders,  or 150 1J.P. for  the two, were  made  by Messrs, 
Bury,  Curtis,  and  Kennedy of Liverpool. 

Some of these vessels were,  from  various causes, a long  time  in 
construction,  and  being all completed  within a short  period of each 
other,  the  advantages  which  might  have  becn  derived  from a suc- 
cession of  experiments,  were  unavoidably  lost ; and as all  of  them 
were  designed  for  trading  purposes,  and  were  urgently wanted by 
the  different owners, no opportunity was afforded for  trying various 
descriptions of screw  propellers. 

From these and  other causes, it  is  not possible to  give  any decided 
opinion, or to  enter so minutely as could  be wished, into  the ques- 
tion  of  the  form  and  dimensions of propeller,  from  which  the best 
results  could  be  obtained.  However,  this  is  not  much  to  be 
regretted,  for  it is quite possible that  the  angles  and  proportions of 
propellers, which may  give  the best results in one vessel, may  not 
be  the most favourable  for  another. 

Plate 35, showing  the  general  arrangement of the “ Sarah Sands,” 
will give sufficient insight  into  the  details of the  machinery, the 
arrangement  and  form  of  which  admit of much  variety,  to  suit  the 
different vessels ; hence  it is only necessary to  draw  attention  to  the 
general  principles of the system. 

The  c‘ Sarah  Sands,”  by  the old, or builder’s measurement,  is 
1,000 tons  burthen,  and  by  the new measurement 1,300 tons. She 
has lower, main,  and  spar  decks. T h e  space below the  main  deck 
is  appropriated  to engines,  coals, and  cargo ; that  above  the main 
deck is allotted  to  the  passengers  and crcw. The  length  of  the 
keel  is 188 feet,  and  about  220  feet  over all ; the  breadth of bean1 
is 32 feet, and  the  depth,  from  the  top  of  the floors to  the  main 
deck, is 19 feet 6 inches, and  to  the  spar  deck 7 feet 6 inches. 
There are four masts, so that  the vessel may  be considered as a 
barque,  with  the  addition  of a short  foremast. 

The  engine  compartment  commences a t  about 80 feet  from  the 
stern-post,  and is 36 feet  long ; in  this  space  may be stowed about 
300 tons  of coals,  besides the  engines  and boilers. 

The  space  for  cargo,  under  the main  deck, is  calculated  to  contain 
about 900 tons  of  weight  and  measurement goods. 

The  two  oscillating  steam  cylinders  are 50 inches  diameter, 
with a length of stroke  of 3 feet;  they  are  situated  immediately 
beneath  the main crank  and  propeller shaft. Each  engine has 
a distinct  condenser  and  air-pump;  the  latter  being  worked  by 
an elbow lever  from  one  short  crank on the  main  shaft  for  both 
pumps. 

During  the first  voyage, the  average  number of revolutions  per 
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minute was about 30, never at  any  time  exceeding 33 ; the  pressure 
of the  steam  varied  from 4 lbs. to 10 lbs.  per  square  inch,  and  the 
steam was cut off, by  the  expansion valves, a t  from  three-quarters 
to one-half  the.stroke. 

T h e  engines  are  connected  directly  with  the  screw  propeller  by a 
wrought-iron  shaft,  running  through  the  after-hold.  The  screw, 
which  is on Woodcroft’s  principle,  with  an  expanding  pitch, is 14 
feet diameter,  with  four  arms,  aud is made of cast  iron,  with  wrought- 
iron  blades ; at the  leading  part of each blade  the  pitch is about 
23 feet, and  at  the  after  part  it is nearly 30 feet. 

A screw with  rather less pitch  would  give a better  result when 
the  sails  are  not  employed;  but  the  coarse  pitch possesses many 
advantages,  when  the vessel is under sail. A n  opportunity  will 
probably soon be afforded, for  trying  experiments  with  screws  of 
less pitch,  and  if  they  are found to work better,  under all circum- 
stances,  these  engines may be  worked  quicker  withont  causing the 
motion of their pistons to  exceed  the  usual  standard. All the 
engines  in  the vessels above  mentioned,  are a t  present  working 
below  the  usnal  speed of marine  engines of similar dimensions. 

There is no system of  propulsion,  in  which  it is so necessary, as 
with  the  screw,  to confine the  experiments,  perseveringly, to one 
given  direction at a time. The  principle of its  operation  is a t  
present so imperfectly  understood,  that  variations  in  the  results  may 
be  very easily mistaken,  and  be  attributed  to causes that  really  do 
not  operate ; hence,  although  the  want  of  opportunities  for  trying a 
variety of forms  of  screws  may be  regretted,  yet  more  valuable  data 
upon  one  branch of the  inquiry  may  have been collected  than  might 
otherwise  have been done. The  most important  point  to  be  ascer- 
tained is, the  extent  to  which  the  pitch  and  the  diameter of the 
screw  may  be  carried, so that  while  these  are  retained  within  such 
limits as will  avoid any  serious loss of power, the  velocity  with 
which the  screw  requires  to be turned,  may  be  within  the  range of 
the  ordinary  condensing engines. 

A general  opinion  has  prevailed,  that  the  screw  acts  disadvan- 
tageously when propelling a vessel against a head wind ; for while 
she is making but very slow progress  through  the  water,  the  motion 
of the  engine is only  slightly  reduced,  and  hence  too  much  fuel is 
burned  in  proportion  to  the  distance  traversed. I n  practice,  how- 
ever,  this  is  not  necessarily  the case, and  it is found,  that  the con- 
sumption  of  fuel  increases  and diminishes, very  much  in  the  same 
manner  as  in  paddle-wheel vessels, according  to  the  motion of the 
engines.  This is probably occasioned by  the  large size  of the  screw 
propellers  adopted  in these vessels ; and  when  the sails can be made 
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available, a saving  may  be effected, by  working  the  steam  with a 
great  extent of expansive  action.  This is rendered  apparent by the 
fact,  that  with  the  greatest  press of  canvas, aud  the vessel running 
at a high speed, the  rate of motion of the engines is but  little 
increased;  of  this  there  are  several  examples  in  the logs of the 
various vessels. Vessels  with  small  power  and  lofty masts are easily 
affected by  the wind,  even when  the sails are  furled,  causing  trials 
of  their  steaming  power  to  give very uncertain results, and  the 
difficulty of making  accurate  experiments  in  trading vessels, and 
when  influenced by tides,  is very  great.  The  form  and  immersion 
of  the  hull,  the  nature of the  trade,  and  the  course  run,  must  all 
be considered, before  such a comparison  can  be  made  with  other 
vessels as may  be relied on. 

T h e  vessels above described have  frequently  overtaken  other 
vessels claiming a rate of speed which  these  do  certainly  not  attain ; 
thus  exciting  doubt as to  the  accuracy of the  accounts  hitherto 
given to the  public.  These vessels have  given,  it  is believed, as 
good  average  results  as  any  yet recorded ; the  general  construction 
is simple,  compact,  and  durable;  and  requires 110 great  variation 
in  the  engines  from  those  constantly used in  steam-vessels;  the 
weight is all kept low, and is favourably  situated,  both  for  merchant 
and  for  war  steamers;  the  moving  parts  are  not  subject  to  any 
musual  wear%  and  the  machinery, when  in  good order, is almost 
wholly  free  from  noise cr vibration. 

A description-of  the  first  outward  voyage of the “ Sarah  Sands ” 
will  give a general  idea of the efficiency of such a vessel. 

She  left  Liverpool on the  20th of January, 1847, and  performed 
the voyage  to  New York in 20 days  and 10 hours. Finding  the 
weather  very  adverse,  and  not  knowing  the  capabilities  of his 
vessel, Captain Thompson thought i t  advisable to reduce  the  con- 
sumption of fuel as much as possible;  during  the  first  part of the 
voyage,  and at  one  period,  the  engines  were  stopped for 30 hours, 
to repair  the  working  gear, which had been strained  by a piece  of 
iron  falling  into  it ; they were also stopped  for  several  short periods, 
when  the wind  was favourabIe, so that  the  engines  were at work 
less  than 17 days, the  sails  alone  being used during  the  remainder 
of  the time. 

To give  some  idea  of the state  of  the  weather,  it may be  re- 
marked,  that  one of the  most  powerful  of  the  Halifax steamers, 
which  preceded  the ’l Sarah Sands,” was upwards  of 19 days on 
her  voyage to Boston,  and  the  steamer which  followed her, was 
about 17 days  in  reaching  the  same  port.  She passed about  six of 
the fine New  York  sailing  packets,  all of which  had  started 
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before her, and whose  passages eventually  averaged  about 46: days 
each. 

When  she  arrived  at  New York, she ]lad fuel  left  for  about f h r  
days’ consumption. Her  slowest progress when steaming head to 
wind, was 130 miles  in  the day, and  her  quickest speed  was 269 
ndes in  the  day.  The motion of  the pistons was from 150 feet to 
200 feet  per  minute ; the  pressure of the  steam  in  the  boiler  averaged 
about 7 lbs. per  square  inch,  and was cut off a t  less than half the 
stroke. The  average consumption o f  coals,  whilst steaming, was 
under 17 tons  per day. 

I t  is not  intended  to  claim  any  superiority  over  the best screw 
vessels that  have been produced, as regards  the  exact  amount  of 
work  performed  by a given  amount of fuel,  in  carefully  conducted 
experiments,  although,  in  such respects, these vessels may hold a 
good position;  but  while  this system  will, probably,  bear a com- 
parison  with  any  other  as  to  the  results  in  propelling vessels, it  avoids 
the  practical  objections  to  which  some  others  are subject, and 
places  the  whole question on a surer basis than i t  has yet  attained. 

It is  hoped that these imperfect  remarks  will  be found  sufficiently 
clear  to  enable scientific men  to  examine  into  the  merits of the 
system,  and  that  they will induce  the transmission to  the  Institution 
of fuller or more  perfect  accounts of  works completed, or now  in 
course  of  execution  in  this  important  branch  of  steam  navigation. 

The  paper  is  illustrated  by  four  drawings  (Nos. 4372 to 4375) 
of  the vessels and engines, from  which  Plates 33, 34, and 35 are 
compiled. 

Mr. .J. GRANTHAM apologized for  the  meagreness of the  state- 
ments  in  the  paper,  but  in corlsequence  of being  much  occupied 
during  its  preparation,  he  could  not find time  for  reasoning  upon 
the  results  obtained ; he,  therefore,  preferred  laying  the  bare  facts 
before  the  Institution,  and  leaving  the  members  to draw their  own 
deductions. 

H e  had  alluded  particularly  to  the  circumstance of the  screw 
propeller  revolving at a slow rate,  whilst a considerable speed 
was attained  by  the vessel. This  occurred on board  the ‘‘ Diamond,” 
during a voyage  recently  made between Liverpool  and  Madeira, 
when  she  had  variable winds, and  there was ample  opportunity  for 
trying  experiments  upon  the speed, the  working  of  the  machinery, 
and  the  consumption of  fuel. The  voyage was made in 169 hours, 
although  the veasel was deeply  laden,  and  during  that  period  the 
motion of the  piston  never  reached 200 feet  per  minute. I t  had 
been  supposed, that no assistance  was rendered by the engines, 
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